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SUMMARY
This report covers struciural tests conducted at the U, S, Army En-
gineer Research and Development Laboratories to evaluate rigid foam
plastics shelters.

Based on the test results, it is concluded that:

a. It is feasible to fabricate structural raembers by using fiberglass-
polyester skins over either polyurethane core or paper honeycomb core.

b. Bonding between the skins and the core material is of utmost
importance in stressed-skin design.




RIGID FOAM PLASTICS SHELTERS--STRUCTURAL TESTS OF
REINFCRCED FIBERGLASS PLASTICS BEAMS, HONEYCOMB
FLOOR PANELS, AND EXPERIMENTAL GREENLAND BUILDING

I. INTRODUCTION

1. Sukject. This report covers structural tests conducted at the
U. S, Army Engineer Research and Development Laboratories (USAERDL)
to evaluate rigid foam plastics shelters.

2 Background. Military prefabricated buildings are normally
procuced in a fabricating plant and shipped to worldwide locations for erec-
tion and use. The logistic problems of transporting heavy tonnage and
large volume of bulky building panels lent emphasis to investigation of rigid
foam plastics as a building material. The foam plastics materials offer a
colution to the problems by providing a worldwide-use bullding that is con-
siderably lighter in weight and is fabricated of material expanded approxi-
mately 30 times its original volume on the site, thus reducing shipping
volume manyfold. The state-of-the-art in foamling plastics has shown the
concept of shipping drums of liquid resin and fabricating plastics buildings
in remote areas to be feasible.

Paper honeycomb is being investigated in conjunction with the
rigid foam plastics huildingg project as a means of adding reinforcement,
where needed, to the foam plastice material. When used as s‘ressed-skin
panel core material, paper honeycombh offers approximately the same
logistic advantage as foam plestics. The paper honeycomb is procurable
in prefabricated folded slices which expand 20 to 30 times the shipping
volume. A high-strength, durable bullding panel is produced when fit.er-
glass skins are bonded to the surfaces of the expanded paper. The economy
and strength-weight ratio attributes are as high as or higher than those of
any other known panel core material; therafore, paper honeycomb is very
desirable for field fabrication.

O, INVESTIGATION
3. Reinforced Fiberglass Piastice Beams, Three reinforced

fiberglass plastios beams were fabricated with polyurethane foam plastics
core material and tested as stringer supports for foam plastics floor




seotions. The beams were designed for supporting a uniform floor load of
60 pounds per square foot when spaced on 3-foot centers with a span of ap-
proximately 12 feet. Beams 1 and 2 werv cast in a 16-foot-long mold; the
cors for Beam 3 was cast by alip mold technique and was 7 feet 2-3/4
inches long. A short mold which moved vertically on a tixed rail was used
for the slip mold technique of fabrication. The mold was approximately 2
feet; long and was open at the top and hottom., Resin components poured in
the top of the mold expanded, set, and extruded as a beam from the bottom
of the mold, Four rolls of paper, fixed at the top of the mold with the free
end of the paper passing through the mold and secured at the rail base plat-
form, supplied the mold lining necessary to prevent adherence of the foam
to the moving mold. Beam 1 was fabricated by casting the polyurethane
core, removing the core fromw the mold, then spraying the fiberglass skin,
Beam 2 (Fig. 1) was fabricated by spraying the fiberglass skin on the inner
surfaces of the mold, then assembling the raold and pouring the polyure-
thane core to complete the heam. A fiberglass skin was also sprayed over
the cere of Beam 3.

H5177
Fig. 1. Reinforced fiberglass plastics Beam 2,

The effective section modulus of each beam was computed and
is shown in Appendix B, Exhibit 1.
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Exhibits 2, 3, and 4 of Appendix B show the test setup and loca-
tion of strain gages for each beam. Beam 2 supported twice as much load
as Beam 1 and did not fail until a total load equivalent to a uniform floor
load of 118, 37 pounds per square foot was applied (Fig. 2). This was to be
expeoted, however, since the section modulus of Beam 2 was much greater
than that of Beam 1 (Appendix B, Exhibit 1). Exhibits 5, 6, and 7 of Ap-
pendix B show the applied loads, resulting moments, and corresponding
measured stresses for each beam.

H5219
Fig. 2. Test setup for applying uniform load to reinforced plastics
beams (Beam 2).

Results of the tests for the three beams are summarized in
Table I.

After failure of the beams (Figs. 3 and 4), four composite spec-
imensg were cut from each beam (Figs. 5 and 6) and subjected to additional
laboratory testing to determine the physical properties of each specimen,
Results of these tests are presented in Appendix C.




Table I. Strain Gage Tests of Reinforced Fiberglass Plastics Besma

Beam No,
Property 1 > 3
Test Span (ft, in.) 14, 9-3/4 14, 9-3/4 6, 0
Fallure Load (kips) 2.50 5.26 4.00
Floor Load psf)® 56. 26 118, 37 ®)
Failure Moment. (ft-kips) 5.40 10.50 3.09
Maximum Measured Stress (ksi)@  4.20 -5.00©) 3,18
Maximum Average Stress (ksi) 3.67 -4,73(c) 2,94
Corresponding Applied Moment 4,47 10.00 2.71
(ft-kips)
Deflection (in.) 2.38 3. 82 1,00
Type of Failure Moment Moment Bearing
Weight of Beam (Ib) 72.6 77.8 30.0

(a) Three-foot center-to-center spacing.

(b) Reduced span.
(c) Compressive stress.
(d) ksl - kips per square inch.

4, Honeycomb Floor Fanels.

Several different floor concepts

were considered, and honeycomb floor panels were selected because they
offer one of the more feasible means of providing a floor of sufficient

strength for the 16~-foot-wide building.

The floor growth (arching effect) in the Greenland snow tunnels,
amounting to approximately 2 inches per year, presented a problem in the
design of the floor. Experience has revealed that the hest method of deal-
ing with the annual rise in the tunnel floor is to provide lateral floor panels
with a simple beam span, Supporting stringers run longitudinally with the
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H5181
3. Test failure of reinforced fiberglass plastics Beam 1,

Hb182
Fig. 4. Close-up of test failure (Beam 1).




HE143
End view of tezt {allure (Beam 1).

End view of test failure (Beam 2).
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bullding, near the outside walls. With this type of footing, the floor cun be
supported a sufficient distance off the tunnel floor to allow for several yesra
of tunnel floor growth before it becomes necessary to raise the bullding.

Also, the building can be more easily raised and shimmed in increments,
when necessary.

The paper honeycomb core material was procured and shipped
to the field in the unexpanded form. The honeycomb core was an untreated
paper (99 pounds per ream) with 3/4-inch cells, The field expansion ratio
over the shippiLs volurae was over 20 to 1, which provided a logistic advan-~
tage similar to that of polyurethane foam. Fabrication of a honeycomb panel
consisted of saturating woven fiberglass cloth with epoxy resin, expanding
the honeycomb core material, and placing the saturated flberglass sheets
<o the core material. The final operation consisted of placing "sandwich'
psnel in a vacuum hag and allowing the panel to oure under vacuum (5 to 10
iuches of mercury) to ingure a good bond between the paper honeycomb
core and the fiberglass skins. The fleld fabrication setup for a 3- by 16-
foot honeycombh panel was made by two men in approximately 1 hour,

Tests were conduotad on 4=, §-, and 6-inch-thick panals to de-
termine the most sultable panel and span to support a design live load of 50
pounds per square foot without exceeding a deflection retio of 1/240 of the
unsupported span, To shorten the span, it was determined that the huilding
could cantilever approximately 1 foot over each cutgide stringer without any
detrimental effects, since the buildings would not bo subjected to any snow
or wind load forces in the Groeenlowd snow tunnels. Thus, the clear floor
span was reduced to 12 feet by using two 1-foot-wide stringer supports.
The effective section modulus of each size panel was computed as shown in
Appendix B, Exhibit 8.

- One 4-inch-thick, one 5-inch~thick, and three 6-inch-thiok
honeycomb panels were strain gaged and teated to fallure. Expanded poly-
styrene beads were added to one of the 6-inch-thick panels in an effort to
arrive at an expedient field method of adding insulation and improving the
thermal conductivity quality of the panels. Exhibits 8 through 13 of Appen-
dix B show the test setup and location of strain gagev fur each prnel, EXx-
hibits 14 through 18 show thse appiied loads, resulting moments, and corre-
sponding measurod stresses. Panel 4 was tosted on a 16-foot simple beam
span and supported a greater load than any of the panels tosted. Failure
did not ocour until e total load equivalent to a uniform floor load of 122
pounds per square foot was applied (Figs. 7 and 8). Results of the strain
gage tests for the five panels are summarized in Table II.

.l




J40086
Fig. 7. Test of honeycomb floor Panel 4,

J4009
Fig. 8. Close-up of shear failure (Panel 4).




Table II. Strain Gage Tests of Honeycomb Floor Panels

— Panel No.
Property 1 2 3 4 5
(4-in.)  (6-in.) (6-in.) (6-in.) (6-in.)
Failure Load, DL + LL 2,93 2,93 2.93 5,87 1,87
(ips)
Equivalent Floor 69,50 31,320 87.70 122,30 39,00
Load (psf)
Failure Moment (ft-kips) 6. 28 4,52 3.78 12.40 3.96
Live Load Stresses:
Max Measured Strees 4,10 -2, 85 -1, 96 8.09 -1,32
(ksi)
Max Average Stress 3.89 ~2,71 -1.90 7.01 -1.24
(ksi)
Corresponding Live 4,38 3.00 2.50 10. 60 2.00
Load Moment (ft-kips)
Type of Failure Moment Moment Moment Shear Moment
Weight of Panel (lb) 88 86 80 126 161

NOTE: DL - dead load.
LL - live load.
ksl -~ kips per square inch,

Speciments were cut from honeycomb Pane! 3 and analyzed by
the USAERDL Materials Branch to determine physioal properties of the
woven fiberglass skin material, Results of these tests are presented in
Appendix D.

6. Experimental Greenland Building. Structural tests were per-

formed on the building to determine the wind and snow load capacity, the
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location of critical stresses, and the maximum deflection under loaded con-
ditions. To simulate the most severe condition of loading, the bullding was
tested without benefit of end walls., Figures 9 and 10 show the test setup
for application of simulated wind and snow loads, respectively, The design
wind pressures and resulting wind loads for a 9-foot test module were com-
puted and are shown in tabular form in Exhibits 19 and 20 of Appendix B.
Wind load forces were computed in accordance with Metal Building Manu-
facturers Association Standards which are equally applicable to all types of
construotion.

Simulated wind loads were applied by means of ratchet chain
hoicts, and simulated snow loads were applied by means of sandbags placed
on the roof, Electrical strain gages wers placed as shown in Exl:ibits 21
and 22 of Appendix B to determine the stresses under each increment of
loading. A wmaximum simulated wird load equivalent to & 100-mile-per-
hour wind was being applied when failure occurred. The test module did
not collapse; however, the skin ruptured to the extent that additicnal load
could not be sustained. Exhibit 23 of Appendix B shows the tabulated
stresses and defleotions produced by the nimulated wind load test. A new
12-foot ghelter test module was erected for the snow load tests, and roof
loads were applied in incremsnts unt{l a maximum short-term roof load of
50 pounds per square foor was applied without failure ocourring. Exhibit
24 of Appendix B shows each increment of loading and a tabulation of the
resulting stresses. After the strain data were obtained, the test module
was &.lowed to remain under 20-pound~per-square-foot simulated snow
load for 72 hours and under 20- and 40-pound-per-square-foot loads for 24
hours to determine the amount of creep or set ocourring under sustained
load conditions. Appreciable set was not measuroed until the 40-pound-per-
square -foot load was removed, and failure did not oocur until the shelter
retained a 60-pound-per-square-foot load for 4 hours (Fig. 11). Exhibit
26 of Appendix B shows the defleotion and set resulting from the sustained
conditions of loading.

I, DISCUSSION

6.  Reinforced Fibergl .ss Plastics Beams, When the plastics
beams were designed, the foam core was considered as being noneffective
in contributing to the load-carrying capacity. However, a comparative an-
elysis of measured stresses versus theorctical stresses revealed that the
theoretical stresses were constderably higher. This disorepancy could be
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J3224
Fig. 9. Test setup for application of simulated wind forces on shelter

test module.

H12365
Fig. 10. Test setup for applioation of simulated snow load on shelter

test module,
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J3665
Fig. 11. Failure of shelter test module under 50-~pound-per-square-
foot sustained simaulated snow load.

partially due to variations in thickness of the laminatas as reported in Ap-
pendix C (Materials Branch Report 9289~1); however, !t is more likely that
the foam core section is slightly effective (from 6 to 10 percent) in produc-
ing a composite beam effect which contributes to the flexural load-supporting
capaoity of the beam. Additional testing is planred, usiny homogeneous pre-
molded fiberglass sheats as panel skins to study the comyposite beam theory
with a foam plastics core material,

1. Honeycomb Floor Panels. Although the strength of the 6-inch~
thick, 16-foot-long honeycomb panel wa s found to be more than 24 times the
strength reguired to support the 50-pound-per-asquare-foot design floor load,
the deflection of the panel i8 so great that it cannot be considered as s sim-
ple beam floor member unless each end of the panel {8 cantilevered approx-
imately 2 feet over the floo. -supporting stringers. This arrangement per-
mits negative moment fcr 2. 36 feet on each end of the panel and reduces the
oritical poaitive moment deflection producing length from 16 feet to 11, 30
feet. At 60-pound-per-square~foot floor load, the total deflection in 6-inch -
thiok Panel 4 was interpolated to be 2, §9 Inches when the panel was
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supported on a 16-foot span. The meximum allowable deflection for floors
in prefabricated military buildings has been cstablished at 1/240 of the
span (0. 80 inch) for a 16-foot-wide building. A rerun of the test of the 6~
inch-thick, i6-foot-iong panel with a clear span of 12 feet and a uniform

load of 60 pounds per asquare foot produced a maximum deflection of 0. 83
inch, which is considered acceptable.

Test of 6-inch-thick Panel 6§ revealed that a loss in structural
capacity occurred when the honeycomb core of the panel was partially filled
with polysiyrene beads. Intermingling of the beads hetween the epoxy resin
kin and the paper honeycomi: core prevented a good bond of the fiberglass
skins to the core material. The top and bottom skins were bonded in one
operation, and it 18 believed that the problem could be alleviated by bonding
the skins in two operations. Thus, the bottom skin would be bonded to the
honeycomb core and allewed to cure, the beads would be added, then the
top skin would be bonded to the core. Calculations show that a 6 -inch-thick
honeycomb panel with 2 inches of polystyrene beads and a 2-inch-thick poly-
urethane panel with fiberglass skins have approximately the same U factor.
One of the most serious def‘ciencies in the use of polystyrere beads on the
site 1s the short shelf life of the beads in the unexpanded state. This shelf
lifo under optimum conditions has been determined to be approximataly 1
year. Other types of insulation material that have a longer shelf life and
can be expanded on the site are being investigated in ar. effort to improve
the thermal conductivity of honeycomb material.

The paper honeycomb material used for these tests and for the
Camp Century, Greenland, building was of the nntreated type which was
suitable for the Greenland snow tunnels where no moisture problems exist.
For an all environmental building, however, it will be necessary to provide
a core material that 18 resistant to moisture, fungi, bacteria, rodents, and
80 frrth; and it is desirable that this be accomplished without the field
heat-curing process required for phenolic-impregnated paper honeycomb.
Therefore, investigations are being carried out with pretreated paper honey-

comb and other honeycomb materials that can be expanded on the site and
require no field heat-cure processing,

8.  Exparimental Greenland Building. The structurel test results
show that the most criiloal stresses on the shelter occur at the ridge under
both wind (Gages 16 and 16) and snow load (Gages 13 and 14) conditions;
however, the highest stresses (3.9 and 3, 8 kips per square inch) were re-
corded under the §0-pound-per -square-foot simulated snow load test. The

LA L




H117756
Fig. 12. Polyurethane plastics building in the ice tunnel at Camp
Tuto, Greenland.

H10887
Fig. 13. Polyurethane plastics building in a snow tunnel at Camp
Century, Greenland.
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H10889
Fig. 14. Interior of polyurethane plastics building at Camp Century,
Greenland.

tests show that the thickness of the panel ribs should be increased approxi-
mately 1 inch in the ridge area. This would effect a more satisfactory Afs-
tribution of stress and produce a shelter which could in all probability be
rated for 40-pound-per-square-foot snow loads or 80~mile-per-hour winds
with gusts up to 120 miles per hour (with proper tiedown arrangements)
when erected with end walla such as the two butidings used for troop occu-
pation tests in Greenland (Figs., 12 through 14).

IV. CONCLUSIONS
9. Conclusions. Eased on tho test results, it i3 concluded that:

a. It is feasible to fabricate structural members by using
fiberglass~-polyester skins over either polyurethane core or paper noney-
comb core,

b. Bonding between the skins and the core material is of
utmost importance in stressed-skin design,
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APPENDIX A
AUTHORITY
IT & & PROJECT CARp | 777" ¥F AeronT LR [=ETT RRFORT &, gyeamoc
i CSCRD=1 (R2
. PROJEGT VITLE (Task auriics e b ome 1 IRCURITY OF . r:%'?m___‘

rhosset 8F71-04-001

. TEIR 6. REPOAY DAVE
F71-04-001-04 |5 January 19€1
s GAGUP fl"dT!'l‘-‘FiT'—_

Rigid Foam Plastic Shelters

. ] VaJECY LI ! 7]

Structures Bulldings & Utliitles S0
e SeSNITANT ASARGY TN GORTRAETER ANGIOR GEVERNWERT o CONTAAGT HOMBEN
torps of Engineers LARaRATORY

® DIRTCTING ARENGY - USA Engr. Res. & Dev. Labs, None

Mil Eng DIv, RED, OCE Fort Belvoir, Va.

4 REQURETING AQUMEY
07fice, Chief of Enginesrs

[T PARNIEIPAYION 8Y OTHRA MICITARY 114, IUPPORTING FROJKETE
DER T, AND STHEA SOV, ASENEIXS : 18, BT, COMPLETION DATES

oev. 1 964
None None RHEA TRSY. 965
USER TESY 5
- O_EIHATIOMAL
3 vnben tee.000

None T ARTBATYV VY. SUBSLY T8 | (%] see,000 . gr08,000
{FY:] 5600 ) 0100,000 - 220,000

Fo 11, IPECIAL CODES ) rave,000 - s0e0.000

CuOG Ref. Par. 634, 1610v, ] 5800.000 « 01,008,090
16364 (8) ] ovan 1,000,800
AROUIREMENT ANG/OR JURTIFIGATION
a8, Requiremsnts ex!st for Pl‘ﬂflbl‘l‘clt‘d lightwelght foamed plastic rigld
shelters for medical, maintenance,' and special climatic operations; for missile
support shelters for storage, standby, and radar activities; and for sled mounted
wanigans. The concept embraces fabrication of such Items in the fleld from both
fosmed plastic sactions or panels; and by spraying removable alr Inflated and/or
remavable frime type forms with the plastic foam materlal after which the forms
can be removsd and reused.

b, The above concept Is [n consonance with paragraph 1610v, €D0G, which requires
a reduction In the drain on the national economy, and makes mandatory the use of
prefabricated and Hnockdown shelters such as those eAvisioned, Misslile support
Items are covered by CDOG, paragraph 834, and wanlgans by paragraph 1636d(8).

2). BWrisf of Project and Objective
a, Brief:

(1) Objactive: Oevelopment of lightwelght rigld foam plastic resins and
portable field spraying equipment, Including tochniques of foaming In pleza {or
on m side) shelters and bulldings, utilizing pansl, module and mold construction
methods,

(2) Tschnlcal Charscteristics: See Exhiblt A.

DD| Pory | 6 1 3 PRRVIOUS HGITIONS ARE OBSOLRTE, easr 1 or 2 saews
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b. Approach:
{1) Englineer Rpsearch and dévitopment work wi1l be performed by the techni-

‘cal staff of the Corps of Englinaers with assistance from research and onglnurlng

staffs of coomerclal suppliers ss needed,

(2) €nginsering raseirch and studies will be undsrtaken in the following
aroas to determine the most suitable neans of satisfying the overall mllitary
requlrements;

(a) Oevel nt of economlical, lightweight, rigid foam piastic resins,
Including ralinforced » gld foam piastics which can be foamed and storéd.in all
anvironments,

{b) Portable fle!d spraying eguipment,

(¢} Techniques of fosming sheiters and bulldings In all onvlromntal
conditions.

(d) Methods af Internally relnforcing rigld plastic fosm for use In
shelters and bulldings whers high snow and wind loads are sncountered,

(3) Development of structural design criteria for rigld fosm plastics
including reinforced rigld foam plastlica, .

{3) Cowprehanslive easlnaarlng tests of pllot mode! shelter walding and
spraying squipment, itnciuding techniques, will be conducted to datemilne the
general sultabllity and to determine necessary modifications prior to submittal
for user tests, Orawing and purchass descriptions shall bo modified to reflect
the equipment pasaing the tests,

(k) Service tast equipment chall then be procured and furnished to the
wespons systems or application for which the equipment was developed.

(5) Aftor al! tests and nocessary revisions of the etulipment have been
accomplished, corplete drawings and specifications will be prepared snd forwarded
to the Chief of Englneers, togather with cecommendations regarding classiflcation
action on the equipment developed.

c, Tasks: Mot applicable

d, Other Information:
(1) Sclentific Ressarch: None

(2) References: None
(3) Discursien:

Agencles Intarested in this project In additioh to thc Corps of
Engineers, with which 1iaison will be maintalined and which witl bs furnished cop-

aca USCONARC, Madical CLorps, Quartarmaster torps,..

DD. "2.0.0061 3‘ AEALACES OO FORM #1501, WHICH I8 OESOLETH. eaet 2 er 2 eaems
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EXHIBIT “'A"

TECHNICAL CHARACTERISTICS FOR
RIGID FOAM FLASTIC SHELTERS

1, The rigid type shelters formed in the field by use of low density
core materials shall consist of all weather units in 211 ranges of covered
space provisiona, including maint enance of vehicles, missile, and other
mechanical/electrical equipment, command posts, air siations, fire direc~
tion centers, personnel housing, collective protection and other general

purpose requirements.

g. Means shall be developed for fabrication of shelters under all
environmental conditions as specified in AR 705-15.

3. Shelters shall be capable of being constructed for all climate
operations to withstand steady winds of 60 miles per hour and te support
snow loads of 20 pounds per square foot. Features shall be incorporated
(in kit form if applicable) to permit the shelters to be uzed in areas where
snow loads reach 40 pounds per squara fsot and wind loads correspond to
velocities of 80 miles per hour with gusts of 120 miles per hour.

4, The ghelters shall be made of the smallest posaible number of
componem.s and component types, and be capable of easy handling and rapid
erection by personnel within cu.apanies and battailons.

5. The sheltors shall he compatible with chemical, biological, and
radiological protection.

6. The shelters shall be durable, weatherproof and fire retardant.
They shall not be subject to appreciable weather deterioration, or attack by
ingects, fungi, bacteria, or rodents.

7. Wearing surfaces, both exterior and interior, shall withstand
normal barracks type use.

8. The completed system shall permit erection of variable length
shelters.
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9. Provisions shall be made in the design of the shelters for the
installation of stendard or fabricated on the site doors and windows located
on both sides and/or ends.

10. The shelter equipment shall be lightweight and portable for field
gservice, wufficlently rugged to withstand prolonged cross-country movement
and transportation in Phase II of airborne operations. It shall be designed
with maximum siniplicity commensurate with intended performance and be
capable of manufacture in quantity by modern fabrication methods.
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APPENDIX B
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Exhibit 25

SNOW LOAD YRST
LONE RANGE LOADING

“URFLLCTIONS- W2,
OATE "FRoAR | BACK

& ) 0__
62| 1126 11250
8/12[¢2| 1.250 | 1.1815
= :

_18/12/62] 1,500 | §.3125
18/62| 1.750 | 1.8¢26
3539_[_42 08758 | 0.3125|
:/nzlm 2,128 | 2.000
j4/62 ] 2818 1 2,876 |
8/14/¢2 | 0.6268 | 0.4975
2| 8.280 | #.000 |

andd

B/14/62 FAILURG
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APPENDIX C

The Msaterials Branch
U. 8, Army Engineer Researoh and Development Laboratories
Cozpa of Engineers
Fort Belvoir, Virginia

ERL 8M 17 July 1961

EV: LUATION OF GLASE REINFORCED PLASTIC SKIN ON
EXPERIMENTAL PLASTIC BEAMS

Roport No: £289-1
Roquested by: Special Fquipraent Branch
Authority: 8F171-04-001--04

1. The purposs of this investigation was to determine the phystoal
propertios of the glass fiber reinforoed plastic gking on some experimental
plastic beams. The deneity of the foam core was to ba determiued where
this showed a variation in structure. The beams were designuted by the
code la - 1d aud 2a ~ 2d,

2. The beams were mude in the Modol S8hop by spraying the inside
of 2 mold with a polyester rosin and glass iiber mixture and then pouring
into the interior a polyurethane foam mixture. The exoess foam was cut off
as.d the opun side thon spreyed with the resin glass fiber mixture,

3. The properties of the skin lrminate were determined {n accord-
raoe with the following methods of Federsl Speocification L~-P-406b, "Plas-
tios, Oxganlo: General Speoifications, Test Mothods'':

HMetiiad No . Xitle of Method
1011 Tensile properties of plastios.
1021 Compressive preporides of plastios.
1031 Floxural proportios of plastios.
1041 Shear properties of plestios.
6011 Speoific gravity Ly dieplacement of watser,

7051 Resin in {norganio~illed piastics.

i
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B2

The speoifio gravity of the foam was determined 1n eoccordince with Method
No. §012, speoific gravity from weight and volume methods,

0t v S el i A i i e

4,  Thoe results of the tests are shown in Table ITf, They incicnta
thet the glass content was extremely low; hence, low physioal propexties
oould ks axpented. This was found to be the oase. Glass content rangex
from 21.80 - 27, 86 pexroent, tensile strength from 7,010 - 9,620 psi, com- .
prossive strongth from 10,000 - 15,900 psi, flexural strength from 12, 300 -

19,000 psi, and shenr strength from 6,180 - 8,870 pal. 7The wide variation
was probebly cue to large variations in thicknesses of the laminates and to
uneven distribution of the glass fibers. It has been found poseible to obtain
laminates by the prooess used with as high as 60 percent jjlass, It would
appasy that the ratio of the resin to glass must be changed to accomplish
thls. Vauristion of the foam core was from 1.4 to 28 percent. In three of
the panels, thore was no differonce at all. In a previous investigation, it
was shown that the digpens!ng machine was at fault in that the components
were improperly mixed,

.o g .
— e |

8. It is conoluded that the laminate comprising the skin has a low
glnos content and, hence, has low physicsl propertics usually associated
L with low glaes content. The fuams in the panels varied in density from 1.4
R to &8 high as 26 poroont,

éa. It 18 recommonded that an attempt be made to upgrade the
etrength by using o higher ratio of glass to resin than was used in making
the panela. Modificutions to the existing machine for dispensing the foam
should be mude to obtain better uniformity, or else a hetter machine should
be prooured.

R

Submitted by: S, GOLDFEIN
Chief, Plastics Seotion

Forwarded by: A, W, VAN HEUCKEROTH
Chief, Materials Branch
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' APPENDIX D
The Materials Branch ’
U. 8, Army Engineer Researoh and Development Laborrtories
Corps of Englneera
Fort Belvolr, Virginia .
ERD SM 22 Aghre. J67Y -
TEST PLASTIC PANEL ON HONEYCOME
Report No: 9606-1
Requested by: Special Equipment Branch
Authority: Project No, 8F71-04-001-04

1.  The purpose of this work was to determine the .=:8:i6: € ¢ 5~
pressive strongth, floxural modulus of elastioity, and g.=es 00 tent 0. &
flaen roinforcod plastio sheet skin. The sheet was feiirl: sl feom fisit

--fiver Roveoloth and a laminating resin. It was the skin of & sandwic: o -
struction occmpoged of & oardboard honeycomb suppli=d by tie Specis
Equipraent Branok.

2. For the flexure, tensile, and glass content tests, three mp« _ -
maens each wero out from the top and bottom of the plasiio panel.’ Dic to
the variation in thickness of the panel, each specimen vas sanded to upprox-
inesely & uniforra thiclness, The proporties were dete. mined acoording ¢ -
matheds listed In Federal Speoification L-P-406b, ""Plastics, Organic:
Gaeneral Speoifications, Teat Methods, " dated 27 Septezabsar 1961, Due &
the rmall thicknensy, it was {impossible to determine £« corapressive
strength by ordinery means, It was estimated by the czicuiation of the
penetretion index.

Property Xest Mothed
Tengile Strength Method 1011, with specimene cut frorm the:

spacification of tigure 1011A.

Flaxural Modulus Method 1031, with specimans cut from the
mpooification of figure 1031,

b R W R e B Rk S

. Sk e -u.‘ [
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Glass Content Method 7061, with speoimena cut from the
plevss vaed {or ths flexure tests.

. Compreesive Strength The speoimen was & pleca of the criginal
laminatae,
. Penstration Index ' Method an desoribed in USAKRDL Technical

Yieport 16833-TR, "Development of Nondesivueo-
tive Tout for Plastios. "

8. The resvlie of tho tests are Hsied in Table IV.-

4, The dtifovenocess In valuos from the arbitrary top and hatiom of
“tha honeyocomtb aze probably due to the variatleon in thioknaag of the lersinais,
aperationsl prooeduren, awd the actual phyriosl structure of g Ruvedlsih
»° ¢ ~esin, ‘The origing] laminat? was spprosizoately 1/16 ingh in thisknese,
i-;a afie fanding to a uniforra Gloknoge, it wes abeut 1/22 ingh thic 1, 1%
w1 3 wieu iha. the perion of tha lawinate zendad was pure resin, 1o chesk
& i valldl 7 of the comypression voauats as extimatad from the penstration
indax, the tenolle strempihs wors oslovleted b use of the penetration index,
5 viides oompaved fuvorably with the ao oal exporitaental values, &o 1§
¢= ba sssuwed that tho comprocsien reasulte are falrly acourate, The

g'; = conient roportad was thet of the togt aprolmena beosuss of the irregu~
1F 3y ol t:3 oviglinnl lamdnate,

Upon oongulting a fiborplias menvel, it wea found thal teagile
& Tongths of thic type of lnmduats with the reported gluzs content waere ap-
vooximately 24, G0y pal snd ocompreosnive stroengths were 22, 020 pal,

f. It ig conoluded thal:

w,  The leminete in of low quality end steength end 1s highly
+pvieble in phynios! proparties.

b. ‘The sanding cparation mpkes the panel gppenr to ba botiar
“ stuoturally than 1% aotuslly is,
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Teble IV, Teat Resultas for the *anel on Honeyocomb

A

Teat Ferformed

Comp:ession (psi)
Comyrossion (psi)
Flemuwrel Mcdulus (pel)
Flexurai Modulug (pei)
Tanalle (pal)

Toaglle {pal)

Glsgs Contant (peroeat)
Glase Content {peroent)
Ponstration Index

Yeuvirtition Index

L —

Panel

Loocatior nf  Average

_M,w Val ue Deviation
Top 10, 101, 2,630
Bottm 11,200 ¥ 2,700
Top 2., 20x108 0. 14x108
Bottom 0. 94x108 £ 0.11x108
Top 4,030 ¥ 620
Botiora 7,080 % 3,300
Tep 54.9 to.9
Botiom 48.0 fis
Top 1. 3ex108 20, 36x108
Bottom 1. 60x108 +0.37x108
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